The dominant technology for large Waste-to-Energy (WTE) facilities is combustion on a moving grate of "as-received" municipal solid wastes (MSW). However, there are circumstances where a low-capacity plant (<100,000 tons per year) is required. This study examines the technical, economic, and environmental aspects of some small-scale WTE technologies currently in operation. The Energos technology was developed in Norway, in order to provide relatively small communities with an economically efficient alternative to mass-burn incineration with equally low emissions to the atmosphere and flexibility in feedstock. All operating plants treat MSW plus additional streams of commercial or industrial wastes. Prior to thermal treatment, the materials are shredded in a high-torque, low-rpm shredder and ferrous metals are removed magnetically. The feedstock is partially oxidized on a moving grate in the gasification chamber where the fixed carbon is completely burnt off. The volatilized gases are fully combusted in a second chamber and the heat is transferred to a heat recovery system for steam generation. The Energos gasification technology is currently in operation at six plants in Norway, one in Germany, and one in the UK. As expected, the capital cost per ton of annual ton of capacity increases with decreasing plant capacity, while there is a linear relationship between energy recovery and capacity. Some other small-scale technologies are investigated in this study and will be reported at the NAWTEC meeting. Low capacity (<80,000 tons) WTE facilities require a relatively small footprint (1.5 to 2 acres; <1 hectare) and it is believed that these facilities can be built at a capital cost per ton that is as low, or lower, than that of large mass burn WTE facilities.
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INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
This study is an analysis of various low capacity WTE technologies in operation and is based on information in the literature as well as contacts with operators of these plants.
This includes an evaluation of plant capacity, technology, ownership and operation, capital and operating costs, plant footprint, environmental impacts, and overall benefits of these small scale plants. This paper concentrates on the Energos technology but other small-scale technologies will be discussed at the NAWTEC meeting.
THE ENERGOS TECHNOLOGY THE ENERGOS TECHNOLOGY THE ENERGOS TECHNOLOGY THE ENERGOS TECHNOLOGY
Energos is part of the ENER-G group, headquartered near Manchester, UK. This technology was developed in Norway in the 1990s in order to provide an economic alternative to mass-burn WTE with equally low emissions to the atmosphere and flexibility in feedstock. All operating plants treat MSW plus additional streams of commercial or industrial waste The feedstock to an Energos plant is post-recycling MSW mixed with a smaller amount of other waste streams. These include industrial wastes and residues from materials recovery facilities (MRF). Prior to thermal treatment, the materials are shredded in a high-torque, low-rpm shredder and then ferrous metals are removed magnetically 2, 5 .
The Energos thermal treatment process consists of two stages: Partial oxidation and gasification of the waste in the primary chamber on a moving grate at sub-stoichiometric oxygen (Figure 2 ), the flue gas enters the dry flue gas cleaning system consists of dry scrubbng with lime, activated carbon injection, a bag filter, and a filter dust silo compounds in the flue-gas and the activated carbon adsorbs dioxins and heavy metals 7 .
continuously. Downstream of the heat recovery steam generator (Figure 2 ), the flue gas enters the dry flue gas cleaning system that dry scrubbng with lime, activated carbon injection, a filter dust silo 6 . The lime absorbs acidic gas and the activated carbon adsorbs Emissions are monitored typical emission measurements at in Norway. These measurements were taken by an independent agency (TUV NORD for the Norwegian Environmental Agencyand Figure 3 shows the capital investment and thermal energy recovery at seven Energos plants of various capacities.
As expected, the capital cost per ton of annual ton of capacity increases with decreasing plant capacity, while there is a linear relationship between energy recovery and capacity. However, it is believed that low capacity plants can be built at a capital cost per ton that is as low, or even lower, as that of large mass burn WTE facilities. 
. Ownership and Operation of Existing Energos . Ownership and Operation of Existing Energos . Ownership and Operation of Existing Energos . Ownership and Operation of Existing Energos Plants Plants Plants Plants
Energos works with various waste management companies, local authorities and industries. Energos provides district heating as well as steam to local industries, including chemical, pharmaceutical, paper, and food processing plants 9 . Table 3 
In an effort to reduce landfilling, IVAR ("W Authority") provides the Stavenger region of Norway (population: 120,000) with a waste management system that is based primarily on source separation 1 Garden and kitchen wastes are collected and delivered composting plant; paper and cardboard Households are encouraged to recycle bulky waste at "household recycling centers 5 ." The Stavanger household waste collected in 2007 and its composition Table 4 and Figure 3 , respectively. , the Stavanger WTE plant opened with Lyse AS, the local energy Table 4 showed that recycling and composting the municipal solid waste of Stavanger to only 18,000
,000 tons treated at the Energos plant iduals from the region.
The Stavanger, Forus plant is a combined heat and power (CHP) system. During periods of low heat demand, steam is used to produce electricity and this electricity is then sold to the grid and used by local consumers. Electricity income is wable obligation certificates" (ROCs) 5 .
is a Danish engineering company specializing in . The Envikraft thermal processing technology converts MSW and industrial waste to electrical and thermal energy at a facility in Senja Avfall, Norway. This plant has an annual capacity of 16,000 tons 16 6. 6. 6.
CONCLUSIONS CONCLUSIONS CONCLUSIONS CONCLUSIONS
This is a study in progress. Conclusions regarding all operating small-scale technologies examined in this research will be presented at the NAWTEC 19 meeting.
